Supplementary Methods

Experiment
The study included five experienced male university soccer players (age: 22.6±2.1 years; height:
172.2±5.4 cm; and body mass: 59.4±6.3 kg), each with more than 10 years of playing experience.
The experimental protocol was approved by the Research Ethics Committee of the Tokyo Institute of Technology. The subjects provided written informed consent before the experiment. All subjects were right-footed kickers. The experiment was conducted in an indoor laboratory with artificial turf, and the subjects wore shoes designed for artificial turf (size: 25.5-27.0 cm; mass:
240-290 g). A size 5 FIFA-approved soccer ball (mass: 432 g) was used, and the inflation pressure was maintained at 9.7 psi throughout the experiment.
The subjects were instructed to perform one curve kick toward a goal that was positioned 4 m away. They were not given specific directions about impact pattern. The kicking foot motions were captured by two electrically synchronised high-speed cameras (Memrecam fx-K4, NAC Image Technology Inc., Tokyo, Japan) at 2,500 fps (exposure time 1/5,000 s). The cameras were placed to the right lateral and right rear of the subjects.
A total of ten spherical markers with diameters of 10 mm were attached to body landmarks of the kicking leg: the toe, heel, lateral malleolus, medial malleolus, three points on the lateral side of the foot (fifth metatarsal head, lateral side of the calcaneus, and lateral side of the talus), and three points on the anterior surface of the lower leg (lower part, lateral side, and upper part of the tibia).
It was impossible for both cameras to capture the two markers on the heel and medial malleolus.
Thus, before the kicking trials, the position of the heel marker was recorded against three tracking markers on the lateral side of the foot under static conditions. The position of the medial malleolus marker was similarly recorded against three tracking markers on the anterior surface of the lower leg. The markers on the heel and medial malleolus were removed after recording the relative positions. Many stickers with diameters of 10 mm were attached on the ball surface at intervals of 50 mm.
Experimental data processing
A digitising system (Frame-DIAS IV, DKH Co., Ltd., Tokyo, Japan) was used to digitise the markers fixed on eight body landmarks: the toe, lateral malleolus, lateral side of the foot (three points), and anterior surface of the lower leg (three points). Additionally, three of the ball surface stickers in the area where the deformation was relatively small during impact were digitised (sticker intervals were approximately 80 mm).
The positions of the heel and medial malleolus in the kicking trials were calculated using their positions relative to the three points. The ankle joint centre was calculated as the midpoint between the lateral malleolus and medial malleolus. The centre of mass (COM) of the foot was derived from the positions of the toe and heel based on the body segment inertia parameter by Ae et al. 1 ; the COM was at 59.5% of the length of the foot from distal to proximal. The centre of the ball was calculated as the point 110 mm (radius of the ball) from the three digitising points on the ball surface 2 .
The coordinate data of thirteen points (toe, heel, COM of the foot, lateral malleolus, medial malleolus, ankle joint centre, three points on the lateral side of the foot, three points on the ball surface, and centre of the ball) were digitally smoothed by a fourth-order Butterworth low-pass filter at a cut-off frequency (44-130 Hz) determined through a residual analysis 3 .
The foot COM velocity immediately before impact, the foot angular velocity immediately before impact, and the foot posture immediately before impact were derived to use in the finite element analysis. Each component of the foot COM velocity immediately before impact was derived from the first derivative of a regression equation fitted to the displacement in ten frames before impact.
The absolute magnitude of the foot velocity vector was calculated from the values of its components. The foot angular velocity immediately before impact was calculated using the unit vectors of the foot local coordinate system. The foot posture immediately before impact was quantitatively derived from the relation of the vector of the foot COM velocity immediately before impact and the foot local coordinate system.
